The TCRBV genes encode the variable region of the ␤ chain of the T cell receptor (TCR). There are 46 known functional TCRBV genes, a number of which have been identified as having coding region polymorphisms. 1 The current study reports the presence of a single nucleotide polymorphism in a TCRBV pseudogene, TCRBV5S5P, and the identification of strong linkage disequilibrium to the closely linked gene, TCRBV6S1. The G to A transition in the second exon of the TCRBV5S5P gene corresponds to base pair 204306 of GenBank accession number U66059. This polymorphism can be detected by the polymerase chain reaction amplification and single-stranded conformational polymorphism (PCR-SSCP). PCR amplification (35 cycles, 94°1 min, 58°2 min, 72°30 s) was carried out using forward and reverse primers 5Ј CCCCAGTTTATCTTTGAATATGC and 5Ј CACAGAG TTCCAGTGACT. The 190 base pair products labeled with 35 S ␣dATP were separated on a 0.5× MDE gel in 0.8× TBE according to the manufacturer's protocols (FMC Bioproducts, Rockland, ME, USA). The following allele and genotype frequencies were determined in a population of 63 unrelated Caucasians from the Cincinnati, OH area. Genotype frequencies to not deviate significantly from Hardy-Weinberg equilibrium ( 2 = 2.78, P = 0.25, 2df). It has been previously reported that TCRBV5S5 is a pseudogene based on a mutation of the highly conserved GT dinucleotide to GA in the 5Ј donor splice site in the intron following exon one, corresponding to base pair 203960 of GenBank accession number U66059. 2 Sequence analysis of TCRBV5S5A2 from two homozygotes confirm that this mutation is present in the novel TCRBV5S5P allele as well. The inability to PCR amplify TCRBV5S5 transcripts from peripheral blood lymphocyte cDNA from four heterozygous individuals supports the assertion that TCRBV5S5P is a pseudogene (data not shown).
The TCRBV6S1 gene is 4.8 kb upstream of the TCRBV5S5P gene. The TCRBV6S1 gene has three common alleles, two of which are null alleles due to an alteration of a conserved cysteine residue involved in a disulfide loop that is essential in the formation of immunoglobulin domains. 3 The TCRBV6S1 null alleles are not expressed in the peripheral T cell repertoire. The cohort of 63 Caucasians were typed for the various TCRBV6S1 alleles to determine the relationship between the polymorphisms in both TCRBV genes. The observed allele frequencies of TCRBV6S1 are in agreement with previously published data. The distribution of TCRBV6S1 and TCRBV5S5P genotypes in this cohort are nonrandom and provide compelling evidence for strong linkage disequilibrium (LD) between the two genes (Table 1a ). All carriers of TCRBV6S1A3 are also carriers of TCRBV5S5A2. This relationship is even more striking in that all five of the TCRBV6S1A3 homozygotes are TCRBV5S5A2 homozy- gotes. The other null allele, TCRBV6S1A2, appears to be concordant with TCRBV5S5A1, as is the functional TCRBV6S1A1 allele. The genotypes obtained from a cohort of 209 JRA patients are summarized in Table 1b , which are included to show a greater representation of all possible TCRBV6S1 genotypes. Overall, there are no significant differences between the allele and genotype frequencies in the control and JRA cohorts. These data are consistent with the existence of three haplotypes: TCRBV5S5A1 and TCRBV6S1A1, TCRBV5S5A2 and TCRBV6S1A3, and TCRBV5S5A1 and TCRBV6S1A2. This strengthens the notion that the two TCRBV6S1 null alleles are found on distinct TCRBV haplotypes. Haplotype frequency estimates from the combined data set were determined using the estimation of haplotype (EH) software package, 5 which employs the expectation-maximization (EM) algorithm (Table 2) . A highly significant deviation from random association ( 2 = 420.21 P = 1.3×10 −88 , 5df) was observed in our samples, which
Genes and Immunity demonstrates that linkage disequilibrium is present between these loci. The DЈ statistic, a standardized measure of linkage disequilibrium, 6 was used to quantify the LD between TCRBV6S1 and TCRBV5S5 alleles based on the expected haplotype frequencies computed by the EH program. TCRBV6S1A1 and A2 demonstrate maximum LD with TCRBV5S5A1 (DЈ = 1). Maximum LD was also observed between TCRBV6S1A3 and TCRBV5S5A2 (DЈ = 1).
Previous studies have reported the association between TCRBV6S1 null alleles and clinical subsets of juvenile rheumatoid arthritis subsets. 7, 8 The data presented here suggest that the TCRBV6S1 alleles are in strong linkage disequilibrium with TCRBV5S5P and are associated with distinct TCR haplotypes. The relationship to other TCR polymorphisms in these haplotypes could be important for interpreting associations between these genes and disease.
